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AbstrAct:   INtrODUctION: Colonoscopy is considered to be a gold standard for colorectal cancer (CRC) screening. Endoscopy training is 
an essential component of general surgery training program. Patients should receive care at the highest level possible, never-
theless residents need to gain experience. The aim of our study was to evaluate the effectiveness of colonoscopy performed by 
general surgery residents by comparing quality indicators between surgical trainees and consultants.
  MAtErIALs AND MEtHODs: The analysis included 6384 patients aged 40–65 who underwent screening colonoscopy be-
tween October 2014 and February 2018. The patients were divided into two groups: group I – patients examined by residents, 
group II - patients examined by board-certified general surgeons. Quality indicators such as cecal intubation rate, adenoma 
detection rate and patient tolerance scale were compared between the two groups. 
  rEsULts: Group I comprised 2268 (35.53%) and group II 4116 (64.47%) patients. The overall cecal intubation rate (CIR) was 
95.99%, equal for both groups (p = 0.994). There was no statistically significant difference in adenoma detection rate: 29.30% 
among residents and 27.66% among consultants (p = 0.203). Patient tolerance of the examination was very good (4-point 
scale) in consultants group in 78.98% of cases and in 75.18% cases among residents (p < 0.001).  
  cONcLUsION: In a proper learning environment general surgery residents are able to perform high-quality and effective scre-
ening colonoscopy. However, residents need to continue the progress in their technique to improve patient tolerance in order 
to reach the proficiency of a consultant.
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INtrODUctION
Colorectal cancer (CRC) is one of the leading causes of mortality 
and morbidity worldwide. It is the second most common cancer 
in Europe and the second most common cause of cancer-related 
deaths. CRC develops from precancerous polyps in the colon or 
rectum and is both preventable and treatable when diagnosed early 
and with the removal of premalignant polyps. Colonoscopy plays 
a critical role in early detection and removal of precancerous le-
sions and it has been considered to be the gold standard tool of 
screening with a high sensitivity and specificity [1, 2, 3].  
Measurable quality indicators/parameters for endoscopy have 
been selected and formulated. Complete colonoscopy, which is 
defined  by passage of the colonoscope along the whole length 
of the colon to the cecum or terminal ileum is one of the cru-
cial measures of the procedure quality. It is expressed by cecal 
intubation rate (CIR) [4]. CIR is not only a quality indicator but 
it also delivers the information about the skills of a physician 
performing examinations. Minimum standard cecal intubation 
rate should exceed 90% according to the American Society for 
Gastrointestinal Endoscopy (ASGE) and the American College 
of Gastroenterology (ACG) [5].
Another essential indicator of quality is adenoma detection rate 
(ADR), i.e. the percent of patients aged ≥50 years undergoing first-
-time screening colonoscopy who have one or more conventional 
adenomas detected and removed. European Society of Gastrointe-
stinal Endoscopy (ESGE) recommendations state that an experien-
ced colonoscopist should achieve ADR of at least 25% [6, 7]. A high 
ADR is associated with decreased interval colorectal cancer rate.
Endoscopy training is an essential component of general surgery 
training program. Current recommendations of screening programs 
define a minimum lifetime experience of screening colonoscopi-
sts and a minimum number of screening examinations. A mini-
mum lifetime experience of 1000 colonoscopies and a minimum 
annual number of 150 screening colonoscopies are recommended 
as sufficient for a physician to take part in CRC screening [8, 9]. 
In an attempt to further standardize surgical training, the Polish 
Board of Surgery now requires that residents provide evidence 
that they are certified in flexible endoscopy. This prospective study 
aimed to determine whether, through a structured curriculum, ju-
nior level residents could conduct a competent and safe screening 
colonoscopy. The aim of our study was to evaluate the quality and 
the effectiveness of colonoscopy performed by general surgery re-
sidents by comparing quality indicators between surgical trainees 
and consultants performing CRC screening. 
MAtErIALs AND MEtHODs
We conducted a dual-center study in the 2nd Department of Sur-
gery, Jagiellonian University Medical College and the Specialist 
Diagnostic and Therapeutic Center “Medicina” in Cracow, Po-
land. The study was approved by the local ethics committee and 
conducted in accordance with the principles of the Declaration of 
Helsinki (KBN no 122.6120.36.2016).
Patients 
We selected 6384 patients aged 40–65 years who underwent colo-
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BMI (p=0.089 and 0.607, respectively). There was a slight differen-
ce in median age between the two groups: 62 vs. 63, respectively 
(p<0.001). Family history of malignancy was not different (8.73% 
vs. 8.60%, p=0.860).
Basic characteristics and comparison between group I and group 
II including past medical history are presented in Table I.
The overall cecal intubation rate (CIR) was 95.99%, equal for both 
groups (p=0.994). There was no statistically significant difference 
in another quality indicator, i.e. adenoma detection rate. Comple-
te ADR was 28.23%, 29.3% in residents group and 27.66% among 
consultants (p=0.203). The results are presented in Table II.
Location of changes is presented in Table III.
Table IV presents univariate and multivariate logistic regression 
analysis of influence of selected factors on cecal intubation rate. 
Significant factors were patients’ sex, tolerance of examination 
and bowel preparation. 
Table V presents univariate and multivariate logistic regression 
analysis of influence of selected factors on adenoma detection 
rate. Significant factors were: cecal intubation rate, patients’ sex, 
tolerance of examination and bowel preparation. 
DIscUssION
Endoscopy training has been one of the essential components of 
general surgery residency program in Poland. It is also required 
by the Association of Polish Surgeons (AJS). The importance of 
endoscopic training during residency has been well documented 
by graduates and program directors [10, 11]. 
Recently, in 2014 the Polish Ministry of Health accepted new gene-
ral surgery residency program, with increased up to 100 gastroin-
testinal endoscopies required for graduating residents to perform. 
However, the AJS has more strict requirements for board certifi-
cation. In order to get the AJS accreditation, the candidates have 
to perform at least 100 colonoscopies and 50 polypectomies. To 
perform colorectal cancer screening colonoscopy, a physician ne-
eds to have either the above mentioned certification or graduation 
from general surgery or gastroenterology, alternatively. Currently, 
the international endoscopic societies tend to resign from arbitra-
ry numbers and state that competency level should be based on 
more objective criteria [12]. 
It has been  already demonstrated that surgeons can perform high-
-quality endoscopy with low rates of complications. Reports, inclu-
ding prospective studies, confirm that colonoscopies performed by 
surgeons are at the highest quality, with the results comparable to 
those done by gastroenterologists [13, 14]. According to our know-
ledge, there are only a few studies comparing outcomes in endo-
scopy between residents and consultants. We have not found any 
reports concerning particularly CRC screening colonoscopy and 
differences in performance between those two groups of physicians. 
At both institutions where our study took place, residents with 
adequate experience, after the acceptance of the head of the de-
partment, performed examinations  without a direct supervision. 
noscopy screening between October 2014 and February 2018 (as a 
part of a national colorectal cancer-screening program, which was 
financed by the Polish Ministry of Health). Patients with a history of 
inflammatory bowel disease, active malignancy, or a high anesthetic 
risk (ASA IV) were excluded from the study. All patients were pre-
-evaluated before the examination and a written informed consent 
for the procedure was obtained. Patients were informed to take a 
liquid propulsive agent (i.e. 420 g of polyethylene glycol [PEG] in 4 
L of water) in the evening prior to the procedure for morning pa-
tients and in a split-dose regimen for those in the afternoon schedule. 
Setting
We used Olympus series colonoscopes (Olympus Optical Co. Ltd, 
Tokyo, Japan). Patients were sorted into two groups according to 
the experience of the physician performing the colonoscopy.
Group I included 2268 patients examined by surgical trainees i.e. 
general surgery residents, that have already obtained Endoscopic 
Skills Certificate from the Society of Polish Surgeons. Group II in-
cluded 4116 patients examined by board-certified general surge-
ons (each of whom has performed more than 5000 colonoscopies).
Patients’ preoperative characteristics including demographics, 
body mass index (BMI), family history of malignancy and signifi-
cant comorbidities were determined. 
Outcome
ADR was determined as a number of colonoscopies during which 
one or more histologically confirmed adenomas were found divi-
ded by the total number of colonoscopies performed. We compa-
red ADR between the two groups of patients.  
Cecal intubation was defined as deep intubation into the cecum 
with the tip of the endoscope being able to touch the appendiceal 
orifice. Cecal intubation rate was another quality indicator that we 
assessed between the two groups. Another endpoints of the stu-
dy that potentially differ between two groups were analyzed: pa-
tient tolerance of examination (4-point scale), location of lesions
stAtIstIcAL ANALysIs
All data were analyzed with Statsoft STATISTICA v.12.5 (Statsoft 
Inc, Tulsa, Oklahoma, USA). The results are presented as mean 
± standard deviation (SD), median and interquartile range (IQR), 
when appropriate. The study of categorical variables used the Pe-
arson’s chi-square test, chi-square with Yates correction when 
appropriate. The Shapiro-Wilk test was used to check for normal 
distribution of data. Quantitative data were analyzed with Studen-
t’s t-test (for normally distributed data) and Mann-Whitney’s (for 
non-normally distributed data). Univariate and multivariate logi-
stic regression models were built including continuous and cate-
gorical variables. Results were considered statistically significant 
when the p-value was found to be less than 0.05.
rEsULts
We observed no difference between the groups regarding sex and 
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lists. Slightly lower patient’s tolerance of the examinations perfor-
med by trainees did not affect the completion rates. There was no 
statistically significant difference in cecal intubation rate between 
the groups: 95.99 % among residents and 95.99 % among consul-
tants. CIR outcomes in both  groups meet the recommendations 
of the European Commission and National Health Service Bowel 
Cancer Screening Programme in England (NHSBCSP), where 90% 
CIR is a minimum  [18]. Residents and board-certified surgeons 
at our institution also meet stricter requirements of the US Mul-
ti-Society Task Force on Colorectal Cancer, where a benchmark 
for screening population is set at 95% [19].
The ADR between the two study groups showed no statistically si-
gnificant difference. It exceeds the minimum standards described 
in the literature, such as the American Society for Gastrointestinal 
Endoscopy (ASGE) recommendations, which state that adenomas 
should be detected in more than 25% of the asymptomatic male 
patients and in more than 15% of the females [20]. ADR calcula-
ted as described in the methods section was 28.23% in total, and 
did not show any significant differences in the chi-square test or 
univariate logistic regression. ADR of residents was 29.30% and of 
consultants 27.66% (p-values respectively 0.203 and 0.199). The-
re is a possibility that this 1.64% difference between ADRs resul-
ted from the fact that the consultants have more experience with 
narrow band imaging (NBI), which enhances micro-vessel archi-
tecture and determines the decision not to remove hyperplastic 
polyps [21]. However, not every report contained Kudo classifi-
cation describing the detected lesion, so it is hard to determine 
what was the real influence of NBI on ADR.
To sum up, in our study the residents did not differ from the consul-
A board-certified surgeon, who is a supervisor, was present in the 
endoscopy department and was always willing to assist when ne-
eded. This sort of solution gives a resident a chance to make au-
tonomic decisions, but at the same time a possibility to use the 
knowledge of a more experienced colleague. We have not noticed 
any inconvenience concerning our work system so far. When there 
is an indication to stop the examination before reaching the cecum 
(i.e. severe pain or potential risk of perforation) trainees do not 
force the colonoscopy. The patients are referred for CT scan, CT 
colonoscopy or barium enema, when required. To keep the highest 
possible quality level we follow the rule of a minimum 6 minutes 
of withdrawal time that has been recently reported and is consi-
dered as a standard because of its correlation with ADR [15, 16]. 
Our study has shown that there are statistically significant diffe-
rences concerning patients’ tolerance between the two groups. Co-
lonoscopies performed under local anesthesia by residents were 
not tolerated as well as the ones performed by the consultants. As 
many as 75.18% of examinations were rated as very good in a mat-
ter of tolerance vs. 78.98% performed by consultants. There are re-
ports stating that patients undergoing colonoscopy performed by 
surgeons are more likely to report pain than patients examined by 
gastroenterologists [17]. But we have not found any paper distingu-
ishing pain reports between the residents and consultants. Higher 
discomfort may have influence on completion rates. Evaluating pa-
tient’s tolerance is also questionable. The physician’s and patient’s 
opinion may vary in terms of the comfort level during the proce-
dure. In our paper we analyzed results reported by the physicians. 
Our study showed that the results of CRC screening colonoscopy 
and its quality are comparable for residents and consultant specia-
tab. I.  Basic group characteristics.
ALL rEsIDENts cONsULtANts p-vALUE
N (%) 6384 (100%) 2268 (35.53%) 4116 (64.47%) –
Males/Females (%) 3154/3230 (49%/51%) 1153/1115 (51%/49%) 2001/2115 (49%/51%) 0.0891
Median age (IQR) 62 (60–64) 62 (59–64) 63 (60–65) <0.0012
Median BMI (IQR) 27.55 (24.91–30.49) 27.68 (25.07–30.80) 27.47 (24.85–30.48) 0.0672
Malignancy history 552 (8.65%) 198 (8.73%) 354 (8.6%) 0.861
Previous colonoscopy 1013 (15.87%) 415 (18.3%) 598 (14.53%) <0.0011
Lower gastrointestinal tract bleeding/Anemia 91 (1.43%) 65 (2.87%) 26 (0.63%) <0.0011
Nonintentional weight loss 19 (0.3%) 16 (0.71%) 3 (0.07%) <0.0011
Changes in bowel movement routine 47 (0.74%) 32 (1.41%) 15 (0.36%) <0.0011
Medications 1112 (17.42%) 438 (19.31%) 674 (16.38%) 0.0031
Aspirin 983 (15.4%) 389 (17.15%) 594 (14.43%) 0.0041
Sintrom/Acenokumarol/Warfin 72 (1.13%) 29 (1.28%) 43 (1.04%) 0.4693
Plavix/Clopidogrel/Areplex/Trombex/Plavocorin 43 (0.67%) 30 (0.73%) 13 (0.57%) 0.573
Smoking 1181 (18.5%) 396 (17.46%) 785 (19.07%) 0.1121
Operations 2691 (42.15%) 949 (41.84%) 1742 (42.32%) 0.711
Cardiovascular comorbidity 660 (10.34%) 246 (10.85%) 414 (10.06%) 0.3221
Pulmonary comorbidity 241 (3.78%) 88 (3.88%) 153 (3.72%) 0.7431
DM2 700 (10.96%) 224 (9.88%) 476 (11.56%) 0.0391
Chronic kidney disease 33 (0.52%) 15 (0.66%) 18 (0.44%) 0.3113
1chi-square Pearson’s test
2Mann-Whitney’s test
3chi-square with Yates correction
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from their supervisors. Our training methods as described above are 
accepted internationally and similar studies have confirmed their suc-
cessfulness [22, 23]. At the same time, patients undergoing screening 
colonoscopy are provided with the best possible medical care. Resi-
tant surgeons in terms of quality of screening colonoscopy. The fac-
tors describing CRC screening have been maintained at the highest 
level. Of course, it is unquestionable that residents require proper 
training methods before having a possibility to become independent 
tab. Iv.  Univariate and multivariate logistic regression model of factor potentially influencing cecal intubation rate.
Or 95% cI p-vALUE
UNIVARIATE
Residents vs. specialists 1 0.99–1.01 0.823
Males/Females 1.84 1.42–2.4 <0.001
Age 1 0.98–1.02 0.855
Obesity 1.23 0.93–1.64 0.152
Previous colonoscopy 0.86 0.62–1.18 0.347
LGI Bleeding/Anemia 1.87 0.46–7.64 0.383
Nonintentional weight loss 1.91 0.001–11.53 0.734
Changes in bowel movement routine 1.34 0.001–173.57 0.91
Medications 1.05 0.74–1.48 0.796
Aspirin 1.05 0.75–1.46 0.791
Anesthesia 2.44 1.33–4.49 0.004
Tolerance of exam 4.97 4.37–5.66 <0.001
Bowel preparation R 1.08 1.07–1.08 <0.001
Bowel preparation M 1.07 1.06–1.08 <0.001
Bowel preparation L 1.07 1.04–1.09 <0.001
MULTIVARIATE
Males/Females 1.2 0.74–1.93 0.463
Anesthesia 1.79 0.65–4.98 0.262
Tolerance of exam 2.12 1.65–2.72 <0.001
Bowel preparation R 1.07 1.05–1.08 <0.001
Bowel preparation M 1 0.99–1.02 0.602
Bowel preparation L 1.08 1.03–1.13 <0.001
tab. II.  Results of colonoscopies performed as a part of a screening program for early detection of colorectal cancer.
ALL rEsIDENts cONsULtANts p-vALUE
Cecal intubation rate 6128 (95.99%) 2177 (95.99%) 3951 (95.99%) 0.9941
ADR 1516 (28.23%) 543 (29.3%) 973 (27.66%) 0.2031
General anesthesia 616 (9.65%) 201 (8.86%) 415 (10.08%) 0.1141
Tolerance of exam  (local anesthesia) <0.0011
poor 180 (2.82%) 87 (3.84%) 93 (2.26%)
medium 336 (5.26%) 148 (6.53%) 188 (4.57%)
good 912 (14.29%) 328 (14.46%) 584 (14.19%)
very good 4956 (77.63%) 1705 (75.18%) 3251 (78.98%)
1 chi-square Pearson’s test
tab. III.  Location of changes.
ALL rEsIDENts cONsULtANts p-vALUE
Caecum 120 (1.88%) 57 (2.51%) 63 (1.53%) <0.0011
Ascending colon and hepatic flexure 247 (3.87%) 106 (4.67%) 141 (3.43%)
Transverse colon 149 (2.33%) 54 (2.38%) 95 (2.31%)
Splenic flexure and descending colon 142 (2.22%) 59 (2.6%) 95 (2.31%)
Sigmoideum 1046 (16.38%) 715 (31.53%) 331 (8.04%)
Rectum 672 (10.53%) 513 (22.62%) 159 (3.86%)
1 chi-square Pearson’s test
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may become a foundation to improve the quality and training of ge-
neral surgery residents. 
cONcLUsION
Within a proper learning environment general surgery residents are able 
to perform high-quality and effective screening colonoscopy. Examina-
tions carried out by residents have the same value as the ones performed 
by board-certified surgeons. However, there is a room for improvement 
in patient’s tolerance in order to reach the proficiency of a consultant.
dents before performing independent examinations need  a proper 
education provided by our consultant, but as soon as physicians en-
ter CRC screening program, their results are monitored. The Polish 
Ministry of Health keeps auditing the quality of CRC screening, so it 
is impossible to lower the desired standards in the accredited insti-
tutions. There are several limitations to our study. It was limited to 
two departments, where physicians performing examinations work 
in university centers having accreditations to issue certificates of 
competency in endoscopy. For a better perspective, more data from 
non-academic centers are required. However, our study described 
a large number of screening endoscopic examinations. Our results 
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